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21.  Introduction
There are two major contrasting views on the effects of domestic environmental policies
on trade competitiveness. First, it is claimed that stringent domestic environmental policies
impose significant costs on the domestic firms and industries reducing their international
trade competitiveness for declining exports. The loss of competitiveness is said to be greater
in the pollution-intensive industries.1 This concern on the loss of competitiveness has been
raised from developed countries where domestic environmental policies are more stringent
compared to developing countries. Second, an entirely opposite view is that environmental
policies lead to productivity improvements because of cleaner environment and to
innovations because of the stimulating effects of such policies. Furthermore, countries
adjusting early and investing in environmentally friendly technology would be able to create
comparative advantage in these pollution-intensive industries2 This view, however, has been
criticised by a number of studies including Oates et al. (1993) and Palmer et al. (1995).
Despite the momentum of the ongoing policy debate about the impact of pollution
abatement and control (PAC) costs3 on trade competitiveness, empirical studies do not find
strong evidence that increased PAC costs have influenced international trade
competitiveness.4 Walter (1973), The US Department of Commerce (1975), and Richardson
and Mutti (1976) indicate that the overall trade impact of PAC costs is insignificant, at least
in the short-run. However, Walter (1973) and Richardson and Mutti (1976) also conclude that
the impact on individual industries could be quite substantial. OECD (1978) supports these
results. Pasurka (1984) investigates the magnitude of the impact that PAC costs had on price
in the US in 1977 and shows that while some variation in impact is likely to occur across
industries and that the average impact on prices is modest. Kim (1990), utilising Walter’s
model (1973), analyses how vulnerable Korean competitiveness in the international market is
affected by increased PAC costs. He finds that PAC costs are approximately trade-neutral in
                                               
1In Low and Yeats (1992), pollution-intensive industries are defined as the ones with products whose direct and
indirect abatement costs are equal or greater than 1.85 per cent of total cost of production in the US. These
include iron and steel, ferrous and nonferrous metals, paper an paper products and wood and wood products.
2See Porter (1991) and Porter and Linde (1995) for details.
3Stricter environmental policies and regulations increase costs for pollution abatement and control (PAC).
3the aggregate level, while they have a substantial effect on the pattern of trade at the specific
industry level.
Tobey (1990,1993)5 and Grossman and Krueger (1993) investigate this issue in the
context of a Heckscher-Ohlin-Vanek (HOV) model. Setting up a HOV multi-factor and multi-
commodity model, Tobey (1990,1993) tests whether or not environmental controls have any
impact on the US comparative advantage. However, in none of his regressions is the
environmental stringency variable significant. Grossman and Krueger (1993) also find that
pollution abatement costs have no significant impact on the US imports from Mexico. In
addition, using OECD national data about expenditures for PAC on the macro level, Sorsa
(1994) also finds no systematic correlation between high shares of PAC costs in GDP and the
export performance of national pollution intensive industries. She suggests that factors other
than PAC costs are likely to have been important in explaining existing diversities in trade in
pollution sensitive goods. Jaffe et al. (1995) also examine this issue in the context of the US
manufacturing industries and find no support to the hypothesis that environmental regulations
have significant effect on competitiveness. One reason for this is that complying costs of
regulations is a small portion of total costs of production, which is on average about 2 per
cent although it may be high for some industries including electrical utilities, chemicals,
petroleum refining and basic metal manufactures. These conclusions, however, subject to
several caveats as admitted by the authors, in particular, difficulties in obtaining accurate data
to measure relative stringency of environmental regulations. According to previously
reviewed empirical studies, the main reason for the insignificant trade impact of domestic
environmental policy is that PAC costs make up too small a fraction of overall production
costs.6
Previously mentioned empirical studies on this subject have been carried out either for
the US or for other large industrial countries. Studies in respect of small open developing
countries such as South Korea (hereafter Korea) have not been carried out, mainly due to the
unavailability of data, especially data on environmental aspects. In addition, most previous
                                                                                                                                                 
4See Walter (1973), The U.S. Department of Commerce (1975), Richardson and Mutti (1976), OECD (1978),
Pasurka (1984), Robinson (1988), Kim (1990), Tobey (1990,1993), Low and Yeats (1992), Lucas et al. (1992),
Hettige et al. (1992), Grossman and Krueger (1993), and Sorsa (1994).
5See Dean (1996) for the shortcoming of Tobey (1990) in terms of measuring environmental stringency.
4empirical studies have either used aggregate sectoral data or country level data, which are not
suitable for detailed industry level analysis. This paper explores the empirical relationship
between domestic environmental policy and trade competitiveness with a special focus on the
disaggregated industries in one small open developing country, Korea.
Section 2 explains the data and its sources. Sub-sections (a) and (b) deal respectively
with the industrial environmental intensity (EI) and the revealed comparative advantage
(RCA) in Korea. Finally, section 3 investigates the link between PAC costs and international
competitiveness in Korea, followed by concluding remarks in section 4.
2.  Data and Computation
The basic data for trade competitiveness is obtained from the international economic
data bank at Australian National University. The data base is constructed on the 4-digit level
manufacturing industries of the International Standard Industry Classification (ISIC). We
calculate the revealed comparative advantage (RCA) for each industry and each year
beginning from 1970 to 1994.
The basic data of sectoral PAC cost has been obtained from Survey of Facility Investment
Plan published yearly by the Korean Development Bank. Since 1973, the Korean
Development Bank reports data of sectoral PAC investment based on the answers to
questionaries about the investment behaviour of major private enterprises. For example, in
1995, Korean Development Bank's data is based on the answers from 2,321 major private
enterprises (1,928 manufacturing enterprises) with a minimum of 300 employees. Sectoral
data of PAC investment exists from 1973. However, we use the data from 1982 only, because
accuracy of the data is doubtful for the 1970s. Note that Korean current environmental
policies and regulations have been based mainly on the first comprehensive environmental
protection legislation (the Environment Preservation Act) in 1978 and the establishment of
the Environmental Administration in 1980. The environmental problems received little or no
                                                                                                                                                 
6Many empirical studies suggest that PAC costs are only about 3 per cent of total costs for most industries.
5attention from government officials and the public until late 1970s. So the use of the shorter
time period of series data from 1982 to 19947 is perhaps justified on these grounds.8
There are several obstacles to using the above mentioned data. First, PAC investment is a
rather volatile variable. Indeed, it is generally observed that PAC investment in one period is
often followed by current expenditures in subsequent periods. Since PAC investment is often
non-divisible installation that only wears out over a long period of time, the raw data on PAC
investment may overestimate PAC expenditures in some years while underestimating it
others. For example, the data for the petroleum refinery sector shows zero PAC investment in
1988, but this is proceeded by a large PAC investment in 1989. To adjust for this problem,
PAC investment figures are smoothed over a three-year period. For example, PAC investment
of industry j in 1985 (= PIj,85 ) is derived in the following way:
PI
 j,85  =  1/3 ( ∑
t
 PI
 j,t  / TI j,t ),    t = 1984,1985,1986
where j represents the industry, and PI and TI are PAC investment and total investment
respectively.
Second, the PAC investment may include investments which are an integrative part of
the total investment. For example, a company would have undertaken some particular
investment to increase the company's overall efficiency rather than merely to comply with
environmental policies and regulations. If this is the case, then it can be said that the elasticity
of substitution between PAC investment and traditional capital investment is positive and
high. If, on the other hand, PAC investment is complementary to or non-substitutable by other
traditional capital investment, then it will add more to the costs of production than if it were
highly substitutable. Empirical studies to find out this aspect of the elasticity of substitution
between PAC investment and other traditional capital investment is therefore necessary.
However, this is beyond the scope of this research. Therefore, in this study we make the
assumption that PAC investment is non-substitutable to other investments and therefore it
                                               
7We do not use the data for 1995, because the matching trade data is unavailable.
8Even the officer who constructs the data base in Korean Development Bank recommends the author not to use
the data of 1970s because of its inaccuracy.
6will tend to add extra costs for the industries. This assumption allows us to use the raw data
of PAC investment in a particular industry without any further adjustments.
If it can be reasonably assumed that the sectoral PAC costs reflect the prices of using the
environment as a production factor, then the sectoral level of PAC costs is also a good proxy
for measuring the environment intensity (ie., pollution intensity) of production in that
particular industry. We indeed use the share of environmental investment in total industry
investment for each year as a measure of the industry’s Environmental Intensity (EI).9
(a)  Environmental Intensity
The environmental intensity (EI) in each industry is defined as the share of PAC
investment in total investment for that particular industry. In Korea, EI averaged 0.67%,
1.22%, and 1.67% in 1982, 1990 and 1995 respectively. In comparison to other costs, PAC
investment costs still play only a minor role in absolute term, but these costs are growing at a
high rate, nearly 250% over the period from 1982 to 1995.
Figure 1. Environmental Intensities of Manufacturing and Non-Manufacturing
Industries
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9The sectoral PAC investment is re-classified to match with sector classification in terms of the 4-digit level of
the International Standard Industrial Classification (ISIC).
7Figure 1 plots the annual average EI for manufacturing, non-manufacturing and total
industries. EI in total industry increases steadily since 1987, which is led mainly by an
increase of EI in manufacturing sector. This steady increase reflects political and economic
trends in Korea and ROW which requires more investment on PAC. The EI of manufacturing
sectors averaged 1.23% in 1982 and 2.88% in 1995, and 0.21% in 1982 and 0.19% in 1995
for non-manufacturing sectors. This also indicates that manufacturing industry is more
pollution intensive than non-manufacturing industry in Korea.
Table 1. Environmental Intensities of Manufacturing Industries in Korea, 1982-1994,
Selected Years (Percentage Value)
1982 1985 1988 1991 1992 1993 1994 Ave.
Tobacco products n.a n.a n.a 2.405 5.472 4.622 3.299 3.096
Coal products n.a 6.757 4.250 2.381 0.602 0.000 0.000 2.981
Pulp and paper 2.328 1.672 1.967 3.544 4.478 5.478 5.099 2.950
Stone, clay, and glass 1.910 2.172 1.653 1.774 2.115 3.839 4.442 2.470
Beverages 3.636 1.807 1.322 2.248 2.885 3.241 3.083 2.395
Petroleum refineries 2.789 1.939 1.583 2.760 3.257 4.553 2.552 2.259
Wood and wooden products 1.173 1.040 2.323 2.415 2.205 2.941 2.843 2.023
Primary metal products 1.971 0.618 0.679 2.920 2.825 2.544 2.934 1.770
Food 1.929 1.326 1.356 1.783 1.980 1.962 1.876 1.627
Basic chemical  products 1.352 1.518 0.916 1.687 2.165 3.045 2.459 1.606
Rubber products 1.475 0.959 1.235 2.120 2.072 2.032 2.255 1.595
Drug, soap & medicines n.a 0.839 0.587 2.017 2.294 2.425 2.213 1.485
Electronic & electric equipment 0.343 0.628 0.705 1.831 1.584 1.953 1.964 1.154
Transportation equipment 0.185 0.555 1.037 1.267 1.965 2.309 2.173 1.122
Fabricated metal products 0.730 0.688 0.802 1.639 1.577 1.928 1.454 1.109
Industrial machinery & equipment 0.114 0.580 0.881 1.799 1.485 1.259 1.149 0.981
Textile, apparel and leather 0.611 1.101 0.708 1.354 1.330 1.254 0.980 0.974
Printing and publishing 1.384 0.304 0.290 0.993 1.239 1.566 0.662 0.741
Precision instruments n.a 0.815 0.663 0.542 0.427 0.090 0.769 0.646
Total manufacturing 1.233 0.975 0.933 2.006 2.195 2.478 2.721 1.892
Total industry 0.668 0.668 0.728 1.451 1.515 1.687 1.621 1.247
8Table 1 shows EIs of manufacturing industries from 1982 to 1994. Industries are ranked
according to their overall average EIs over the whole 1982-94 period. The highlighted cells in
the table represent the industries with higher than average EIs in total industry for each year.
Because investment shares for PAC fluctuate over time, different sectors make it in the top
group in different years. Industries ranked in the upper part (12 industries) such as coal
products, pulp and paper products, stone, clay and glass products including the cement
products, and petroleum refineries, are also sectors as generally recognised by many other
studies as pollution intensive industries. Table 1 also shows that information and technology
intensive industries such as electronic and electric equipment and transportation equipment
are relatively clean to chemical and natural resource based industries such as coal products
and petroleum refineries.
It is generally accepted that in manufacturing sectors the heavy and chemical industries
are more pollution intensive than light industries.10 Therefore, it is also accepted that for
efficient pollution abatement and control, the overall average level of EI in heavy and
chemical industries must be higher than that in light industries. Table 2 supports this
argument: there is high PAC investment in heavy and chemical industries relative to light and
other industries, particularly since 1989.
Table 2. Environmental Intensities in Heavy and Light Industries, 1982 - 1994,
Selected Years  (Percentage Values)
Year Heavy and Chemical
Industries
Light Industries Total Manufacturing
Industry
1982 1.171 1.419 1.233
1984 0.976 1.370 1.055
1986 0.877 0.913 0.883
1988 0.905 1.062 0.933
1990 1.653 1.338 1.605
1991 2.053 1.756 2.006
1992 2.247 1.948 2.195
1993 2.592 1.939 2.478
1994 2.963 1.650 2.721
Average 1.613 1.425 1.584
                                               
10Light industries are food, beverage, tobacco, textile, wood and wooden products, rubber and printing and
publishing industries in Table 1, while other remaining sectors are heavy and chemical industries.
9Since 1989, the stricter regulation of industrial waste and factory waste-water and the
adoption of advanced environmental control techniques such as Environmental Impact
Assessment (EIA) by Korean government, have pushed up PAC investment in oil and cement
industries and PAC investment on water pollution in textile, food and beverage industries.
These have contributed to a marked increase in the average level of PAC investment in
manufacturing sectors, especially in heavy and chemical industries. By 1995, the average EIs
for heavy and chemical industries and light industries have become 3.165 and 1.598,
respectively. However, their levels are still far lower than those of developed countries.
(b)  Revealed Comparative Advantage
In the context of traditional trade analysis, it is expected that the fraction of pollution
intensive exports in total exports would decrease when environmental intensity (EI) rises. In
other words, there will be a negative impact of PAC costs on international trade
competitiveness. Table 3 shows the changes in the export and import share for the pollution
intensive industries from 1970 to 1994.11
Table 3. Percentage of Pollution Intensive Industries in Total Export and Import Values,
1970 - 1994
Year
Pollution
Intensive Export
(A)
Pollution
Intensive Import
(B)
(B)  /  (A)
Export of Clean
and Competitive
Industries
1970 25.9 38.6 1.49 56.0
1975 32.4 44.6 1.37 58.0
1980 37.5 47.4 1.26 51.7
1985 31.0 42.3 1.36 56.1
1990 27.7 43.0 1.55 57.0
1991 27.7 42.5 1.53 57.3
1992 28.5 40.6 1.42 56.3
1993 27.2 41.5 1.53 56.7
1994 25.9 40.4 1.56 59.0
                                               
11Pollution intensive industries are that average level of EI is higher than that for the entire industry. They
include tobacco, coal, pulp and paper, stone, clay and glass, beverage, wood, primary metal, food, basic
chemical and fertilisers, rubber, and drugs, soaps, medicines and paints.
10
In absolute values, the export value of those industries increased from 0.18 billion in
1970 to 24.2 billion US dollar in 1994. The share of pollution intensive industries in the
Korean export increased from 25.9% in 1970 to 37.5% in 1980, it then dropped slightly to
25.9% in 1994. Between 1980 and 1994, the share of pollution intensive export dropped from
37.5% in 1980 to 25.9% in 1994, and the share of import also dropped from 47.4% in 1980 to
40.4% in 1994. This raised slightly the ratio of import to export (the third column) from
1.26% in 1980 to 1.56% in 1994. As a reference, the last column in Table 3 shows the share
of exports of clean and highly competitive industries in total manufacturing sector exports.12
The share increased steadily from 51.7% in 1980 to 59.0% in 1994. In sum we have shown
that Korean international competitiveness of pollution intensive industries has not
significantly changed over the years. Detailed industry level analysis is needed to support this
proposition.
This analysis is carried out by using an index of RCA. This index is defined by the
following formula:13
RCA
 j  =  ( EX j / IM j ) / ( EX T / IM T )
where EX
 j and IM j denote total value of exports and imports of industry j, and EX T and IM T
denote total value of exports and imports of Korea. The RCA index employed here provides
information about the relative export performance of a certain industry with respect to other
industry groups in Korea. If RCA
 j is greater than one, industry j is regarded as having the
comparative advantage in international trade over other sectors and also over foreign
competitors. RCA of each industry increases when the trade surplus of each industry
increases over the country's average trade balance. If costs for PAC impair international
competitiveness, industries that incur relatively high shares of such costs should reveal
                                               
12The clean and highly competitive industries includes industries that exhibit combination of revealed
comparative advantage (RCA) values greater than one and average EI lower than average of total industry: (1)
textile, apparel and leather; (2) printing and publishing; (3) electronic and other electronic equipment; and (4)
transportation equipment.
13The development of shares on the world market is omitted in this concept. The modified concept of RCA
employed in this study is justified because the analysis focuses on sector-specific foreign trade performance of
Korean industries only.
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relatively low level of RCA. When the share of costs for PAC in total investment in each
industry rises, RCA for corresponding industry should fall relative to other sectors'.
Table 4. The Modified RCA Index for Manufacturing Sectors in Korea, 1982 ~ 1994, Selected
Years and Industries
Industry 1982 1985 1988 1991 1992 1993 1994 Ave.
82/94
Rubber products 2.616 1.603 8.311 9.573 5.574 5.731 3.702 5.142
Tobacco products 19.33 11.45 0.314 0.140 0.048 0.040 0.034 4.698
Textile, apparel and leather 4.451 4.402 4.007 4.031 3.706 3.486 3.128 4.043
Transportation equipment 1.203 1.009 1.294 1.369 1.188 1.394 1.368 1.259
Electronic & electric equipment 0.775 1.010 1.208 1.485 1.356 1.410 1.655 1.212
Drug, soap & medicines 1.037 1.173 1.378 1.171 0.954 0.767 0.710 1.124
Printing and publishing 1.262 1.345 1.309 0.804 0.580 0.514 0.551 1.106
Stone, clay, and glass 1.932 0.792 0.858 0.469 0.468 0.617 0.535 0.847
Primary metal products 1.260 0.883 0.672 0.608 0.811 0.817 0.649 0.808
Fabricated metal products 0.766 0.973 0.587 0.496 0.574 0.688 0.578 0.688
Wood and wooden products 1.996 0.673 0.511 0.299 0.246 0.174 0.230 0.669
Coal products 0.232 0.695 0.449 0.720 0.784 0.775 0.604 0.637
Beverages 0.907 0.402 0.896 0.490 0.481 0.515 0.603 0.599
Petroleum refineries 0.284 0.928 0.412 0.505 0.581 0.521 0.527 0.534
Industrial machinery & equipment 0.201 0.311 0.507 0.432 0.476 0.545 0.516 0.398
Basic chemical  products 0.238 0.276 0.239 0.446 0.586 0.574 0.674 0.355
Precision instruments 0.445 0.348 0.336 0.287 0.297 0.278 0.265 0.340
Pulp and paper 0.119 0.102 0.213 0.263 0.267 0.315 0.415 0.205
Food 0.180 0.213 0.181 0.157 0.158 0.170 0.187 0.182
Average 2.065 1.505 1.246 1.250 1.007 1.017 0.891 1.308
Table 4 shows the changes in the derived RCA indices of 19 manufacturing sectors (ie.,
12 pollution intensive industries) in selected years between 1982 and 1994. Industries are
ranked according to their average RCA over the 1982-1994 period. The seven shaded rows
represent the clean industries which ranked in the lower part (7 industries) in Table 1. The
highlighted cells in the Table 4 represent the industries with higher than average RCA in total
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manufacturing industries for each year. The top 7 industries in terms of average level of RCA
for 1982-1994 are listed on the upper part of the Table 4. Those industries have average RCA
over unity during the 1982-1994 period. More than half of these commodities are clean
industries.14 The lower part of the Table 4 shows that more than half of low performing 12
industries are pollution intensive industries. The low RCA of industrial machinery and
precision instruments is explained by the fact that those industries produce traditionally high-
technology intermediate inputs in Korea.
Overall, the numbers in Table 4 seems to indicate that the most competitive exporting
industries from Korea are environmentally clean. However, RCAs of some pollution intensive
industries such as pulp and paper and basic chemical products are on the increasing trends,
despite the increasing environmental intensities over the period. This makes the relationship
between trade competitiveness and PAC cost ambiguous. Therefore, detailed industry level
analysis is required to find out a clear relationship between them.
3.  Some Empirical Studies
This section explores the influence of an increase in environmental costs over time on the
foreign trade competitiveness in each industry. This is to test whether the hypothesised
relationship between PAC costs and trade competitiveness is empirically supported. As
explained previously in section 2, for the case of Korea, it is important and meaningful to
concentrate only on the period of the data from the early 1980s.
(a)  Qualitative Dynamic Correlation
Table 5 marks the direction and growth rates of EI and RCA of each industry compared
to the performance in the previous three years. Twelve (Seven) industries ranked in the upper
(lower) part are pollution intensive (clean) industries. The theoretical hypothesis would
predict that the negative (positive) growth rate in EI is matched by the positive (negative)
growth rate in RCA. The shaded pairs of both EI and RCA represent the negative relationship
                                               
14However, during the 1970s and early 1980s, the leading exporting industries in terms of RCA were pollution
intensive.
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between EI and RCA which is predicted by the theoretical hypothesis. The growth rates of
less than 10% in EI and RCA are regarded as insignificant.
Table 5. Qualitative Correlation between Sectoral RCA and Environmental Intensities in
Korea, 1985-1994 (Percentage Change)  1,2
Industries 1982-1985 1985-1988 1988-1991 1991-1994
Corre-
lation
Coeffi-
EI RCA EI RCA EI RCA EI RCA cient
Tobacco products n.a. n.a. n.a. n.a. n.a. n.a. 37 -76 -0.798
Coal products n.a. n.a. -37 -35 -44 60 -100 -16 0.178
Pulp and paper -28 -15 18 109 80 23 44 58 0.826
Stone, clay, and glass 14 -59 -24 8 7 -45 150 14 -0.304
Beverage -50 -56 -27 123 70 -45 37 23 -0.387
Petroleum refineries -30 227 -18 -56 74 23 -8 4 -0.054
Wood and wooden products -11 -66 123 -24 4 -41 18 -23 -0.731
Primary metal products -69 -30 10 -24 330 -10 0 7 -0.094
Food -31 18 2 -15 31 -13 5 19 -0.489
Basic chemical products and fertilisers 12 16 -40 -13 84 87 46 51 0.889
Rubber products -35 -39 29 419 72 15 6 -61 0.238
Drugs, soaps, medicines, paints n.a. n.a. -30 17 244 -15 10 -39 -0.761
Electronic and electric equipment 83 30 12 20 160 23 7 11 0.914
Transportation equipment 200 -16 87 28 22 6 72 0 0.489
Fabricated metal products -6 27 17 -40 104 -16 -11 17 -0.592
Industrial machinery and equipment 409 55 52 63 104 -15 -36 20 0.790
Textile, apparel, and leather 80 -1 -36 -9 91 1 -28 -22 -0.331
Printing and publishing -78 7 -5 -3 242 -39 -33 -31 -0.622
Precision instruments n.a. n.a. -19 -3 -18 -15 42 -8 0.222
1. Data is unavailable for cells expressed by “n.a.”.
2. EI and RCA are in percentages.
The overall results are far from what the hypothesis predicts. Hardly any systematic
relationship between changes in EI and RCA can be observed from Table 5. Only twenty two
out of the 70 pairs of EI and RCA reported show the predicted combination of signs. Only 7
sectors out of 19 show the predicted combinations for more than two consecutive years: (1)
beverage; (2) wood and wooden products; (3) primary metal products; (4) food; (5) drugs,
soaps, medicines and paints; (6) fabricated metal products; and (7) industrial machinery and
equipment. Only 2 industries (drugs, soaps, medicines, paints and fabricated metal products)
show the predicted combination for three consecutive years. And finally only one industry
(drugs, soaps, medicines and paints products) shows the predicted combinations for all years.
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The last column in Table 5 represents the correlation coefficients between EI and RCA
from 1982 to 1994 for each industry. Looking at the last column, we can find that for some
industries the correlation coefficient is high with the correct predicted sign (eg. -0.798 for
tobacco, -0.731 for wood and wooden products, -0.592 for fabricated metal products, etc). For
other industries, it is also high but with a positive sign (eg. 0.826 for pulp and paper, 0.889
for basic chemical products, 0.790 for industrial machinery, etc). This happens for both
‘pollution intensive’ and ‘clean’ industry groups. Therefore, we can conclude that although
there is some overall correlation between EI and RCA, there is however no systematic
direction of influence of EI over RCA. This finding implies that the hypothesis that higher
PAC costs (ie., higher EI) impairs international trade competitiveness (ie., lower RCA) is not
strongly and consistently supported by the empirical evidence.
(b)  Some Graphical Analyses
Figures 2(a) ~ 2(e) plot EI against RCA for different industries for the years 1982, 1985,
1988, 1991 and 1994 The highlighted industries in these figures represent the ‘clean’
industries. Pollution intensive industries should be found around the lower right side of these
graphs (showing low RCA-numbers), whereas clean industries should be found near the
vertical axis.
Figure 2(a) ~ 2(e)
The hypothesis that higher PAC costs (ie., higher EI) impairs trade competitiveness (ie.,
lower RCA) should be confirmed by a negative correlation between EI and RCA (ie., a
hyperbolic relationship). An observation of Figure 2 reveals that some negative correlation
between EI and RCA seems to exist for some years. However, this correlation is extremely
weak. This conclusion applies to both the group of pollution intensive industry and the group
of clean industry.
Figure 3(a) ~ 3(f)
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Figures 3(a) ~ 3(f) plot the dynamic relationship between EI and RCA for selected
industries over time. Figures 3(a) ~3(c) show some strong negative relationship between EI
and RCA for: (i) wood and wooden products; (ii) drug, soaps and medicines; and (iii)
fabricated metal products. However, Figures 3(d) ~ 3(f) also a positive relationship for: (i)
pulp and paper; (ii) basic chemical products; and (iii) electronic and other electric equipment.
This indicates that there seems to be no systematic directional relationship between EI and
RCA when all industries are considered together.
(c)  The Rank Correlation
The impact of PAC investment on trade performance also can be found from a simple
statistical analysis: the rank correlation. Spearman's rank correlation coefficient (rs) is defined
as follows:
r
d
N Ns
= −
−
∑
1
6
1
2
2( )
where d is difference in the ranks of RCA and environmental intensity assigned to the same
industry and N is number of industries ranked. For EI in each sector to have a systematic
correlation with RCA, the value of the rank correlation coefficient must be negative and with
a magnitude close to 1 indicating a high degree of correlation.
Table 6. The Calculated Rank Correlation coefficients, 1982-1994, Selected Years
1982 1985 1988 1991 1992 1993 1994
Rank Correlation -0.154 -0.356 -0.426 -0.198 -0.260 -0.330 -0.202
t - value 0.086 0.543 0.803 0.165 0.288 0.475 0.171
Table 6 provides the calculated values of rank correlation coefficients for selected years
during 1982-1994. The computed rank correlation coefficients show some negative
relationship between EI and RCA. However, t-statistics are small indicating that these
correlation are statistically not very significant.
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Looking at both Tables 5 and 6 and Figures 2 and 3, we can now conclude that there is
some overall weak (ie., low t-statistics) negative correlation between EI and RCA when all
industries are taken together. However when looking at individual industries, the direction of
correlation is unsystematic, and this applies to both the group of pollution intensive industries
and the group of clean industries. This means one cannot even separate these 2 industry
groups in terms of the systematic direction of influence of EI over RCA.
(d)  A Simple Regression Analysis
In this sub-section, a simple regression equation is estimated for the years 1982 to 1994,
where RCA is the dependent and EI is the independent variable. Because of limited data
available, we first use pooling methods to combine cross-section and time series data, and
then estimate separately for the groups of pollution intensive industries and clean industries.
We employ three different pooling methods. First, we use the technique described in Kmenta
(1986)15 which employs a set of assumptions on the disturbance covariance matrix that gives
a cross-sectionally heteroskedastic and timewise autoregressive model. Second, we introduce
dummy variables to recognise cross-section specific effects and then estimate the parameters
by OLS. Third, we assume a random intercept to give an error components model that can be
estimated by generalised least squares.
                                               
15Kmenta (1986), Section 12.2, pp.616-625.
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Table 7. The Results of Pooled Cross-Section Time-Series for Selected Industry Groups  1
Industry
Groups
Pooling
Methods
Constant Independent
Variable
(EI)
Adjusted
R2
Durbin-
Watson
NO. of
Observa.
Correla.
Coeff.
Pollution
Kmenta
model
0.819
(30.26)
0.007
(0.939)
  0.927 2 1.727 143 0.041
Intensive
Dummy
variables
---- -0.002
(-0.029)
  0.723 0.804 143 -0.152
Industries
Error
Components
1.028
(2.342)
-0.009
(-0.134)
 -0.007 0.678 143 -0.011
Clean
Kmenta
model
1.134
(10.16)
0.023
(0.665)
  0.619 2 1.812 78 0.026
Dummy
variables
---- 0.031
(0.502)
  0.950 0.674 78 0.005
Industries Error
Components
1.421
(2.375)
0.031
(0.504)
  0.010 0.573 78 0.058
1. t-statistics are reported in parentheses below the coefficient estimates.
2. Bush Raw-Moment R-square.
Table 7 shows the results of these different pooling methods. Again the results show that
there is only a weak negative relationship between EI and RCA for pollution intensive
industries but only if we use the dummy variables and error component models.
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Table 8. The Regression Results on the Relationship between RCA and EI in Each
Industry  1
Industries Model Intercept Environ.
Intensity
Adjust R
squared
Durbin-
Watson
Coal Products Lin-Lin 0.519
(3.132)
0.031
(0.761)
0.148    1.495 2
Pulp and Paper Lin-Lin 0.149
(1.653)
0.027
(1.414)
0.789    0.995
Stone, Clay and Glass Lin-Lin 1.176
(3.315)
-0.123
(-0.905)
0.267    1.239 2
Beverage Lin-Log 0.768
(6.628)
-0.218
(-1.650)
0.126    1.388
Petroleum Refineries Lin-Lin 0.497
(3.028)
0.008
(0.132)
0.238    1.427 2
Wood and Wooden products Lin-Lin 1.660
(4.642)
-0.498
(-2.884)
0.569    1.169 2
Primary Metal Products Lin-Lin 0.384
(5.249)
-0.001
(0.007)
0.399    1.234 2
Food Lin-Log 0.201
(18.47)
-0.042
(-1.888)
0.176    1.456
Basic Chemical Products Lin-Log 0.199
(6.312)
0.404
(6.583)
0.780    1.391
Rubber Products Lin-Lin 2.407
(0.704)
1.411
(0.726)
0.423    1.960 2
Drugs, Soaps, Medicines, etc Lin-Lin 1.383
(7.034)
-0.214
(-2.332)
0.761    1.144 2
Electronic and Electric Equipment Lin-Log 1.249
(48.71)
0.412
(9.641)
0.885    1.519
Transportation Equipment Lin-Log 1.275
(38.50)
0.083
(1.944)
0.188    1.926
Fabricated Metal Products Log-Log -0.408
(-7.445)
-0.331
(-2.710)
0.346    1.548
Industrial Machinery and Equipment Log-Log -0.867
(-15.69)
0.315
(5.672)
0.844    1.579 2
Textile, Apparel, and Leather Log-Log 1.531
(32.80)
0.017
(0.443)
0.856    1.531 2
Printing and Publishing Lin-Log 0.969
(2.965)
-0.126
(-0.912)
0.754    1.921 2
1. t-statistics are reported in parentheses below the coefficient estimates. Because of the lack of data in EI, the
regressions for tobacco and precision instrument industries are not carried out.
2. The first-order serial correlation is corrected by using an iterative Cochrane-Orcutt procedure.
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Next we carry out the regression analysis for individual industries, where RCA is the
dependent and EI is the independent variables. After extensive tests, the functional forms
which fit best are estimated for each industry. The results are shown in Table 8. Not
surprisingly, there are unsystematic relationships between EI and RCA for both pollution
intensive industry group and clean industry group. This result is consistent with outcomes of
previous empirical analyses reported in previous sections.
4.  Concluding Remarks
Unlike previous empirical studies on the relationship between domestic environmental
policy and trade competitiveness which looked only at the average or aggregated industries,
we have conducted the empirical study with some detailed analysis on the disaggregated
industries to shed more light on the overall relationship. Our empirical exploration has tended
to confirm the previous empirical results which say that there is some weak correlation
between domestic environmental policies and trade competitiveness when we look at the
aggregated industries as a whole. However, when we look at the results at the disaggregated
level, there seems to be no systematic direction of influence of domestic environmental
policies on trade competitiveness for individual industries, whether classified as ‘pollution
intensive’ or ‘clean’. The direction of influence may be negative and significant for some
industries (such as wood and wooden products, drug, soaps and medicines, and fabricated
metal products), but it may also be positive and significant for others (such as pulp and paper,
basic chemical products, and industrial machinery).
The reason for the weak and unsystematic correlation between EI and RCA may be found
in the fact that costs for pollution abatement and control make up only a small fraction of the
overall production costs, and therefore its impacts on RCA will tend to be insignificant. The
PAC costs have not been large even in pollution intensive industries. Rather than being
affected by PAC costs, the trade competitiveness of each sector tends to depend more heavily
upon other variables such as exchange rate, factor endowments, technology and so on.
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The weak impacts of PAC costs on trade competitiveness weaken the opposition view
which says that current environmental legislation in Korea impedes other national economic
objectives such as trade competitiveness. The weak impacts of PAC costs on trade
competitiveness also weaken the arguments which say that trade policy should be to protect
domestic industries from foreign industries which do not pay proper costs on environment. In
the future, the demand for improved environmental quality may increase in Korea. If this
leads to the Korean government imposing more stringent environmental policies on industries
and therefore PAC costs, then industries can try to offset the effect of this increased PAC
costs on the trade competitiveness of industries by looking at various other factors like
technical innovation and improved efficiency of PAC investment. Both of these can reduce
the negative impacts of increased PAC expenditure on industry performance, and therefore
this will mean that a higher level of environmental quality can be enjoyed without significant
sacrifice in other economic objectives like economic growth and trade competitiveness.
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